Optimizing thermal insulation thickness to save energy and reduce carbon emissions in Mediterranean climates is important. Many standards and regulations on energy efficiency or thermal insulation focus insulation thickness without considering life cycle energy efficiency or environmental impacts. This may lead to unexpected and undesirable results. A new approach for identifying the optimal insulation material and thickness has been applied to a multi-storey residential building in a Mediterranean climate in Turkey. The approach considers life cycle energy consumption, carbon emissions and cost. Energy performance is calculated with details of occupancy, lighting system and internal gains. Results are compared with those of the same building in a cold climate region to show how climate affects life cycle energy and carbon performance. The results of the study show that if insulation thickness is not optimized for a material's entire life cycle, it may end up being less efficient, more expensive, and have greater carbon emissions than expected, especially in Mediterranean climates.
Introduction 1.Background information and literature overview
The International Energy Agency reports that 'buildings are responsible for in buildings is a relevant topic for many countries due to factors related to the environment, economy and energy consumption. Each country has determined its own future targets about energy efficiency and carbon emissions of buildings. The European Union --the EU has made 'the recast of Ener--imum requirements for buildings' enefficient retrofitting is as important as energy efficient design because many existing buildings do not meet energy performance standards.
Energy consumption of buildings affect building's carbon emission and energy cost significantly. Therefore, energy efficient building is an important issue for energy saving, carbon emission and cost reduction. Energy efficient building design depends on some criteria such as climate, building's orientation, distance between buildings, window-wall ratio and building envelope's thermo physical properties. As it is known, most of the energy efficient building design criteria such as orientation and distance between buildings couldn't be consider in built environment. Thus, building envelope design has important role in energy efficient building design. Increasing thermal mass and reduction heat loss from building envelope are major issues for energy efficiency in envelope design. Increasing thermal insulation is most common strategy for reducing heat losses especially in cold climates but thermal mass is an important approach for hot climates. Manioğlu and Yılmaz compare traditional house and modern house envelope from point of thermal mass' effect on comfort condi--tional house envelope, which is made with 1,2m. stone, have better surface temperature performance according to comfort zone than modern house enveIncreasing thermal mass related with solar gain but, increasing thermal mass couldn't be apply in built environment because of distance between buildings. Moreover, increasing thermal mass couldn't be done because of architectural restrictions such as constructing thick walls in high rise new buildings showed that adding or increasing thermal insulation thickness are most common or well-known strategy for energy Therefore, reduction heat loss from building become one of major strategy for energy efficient building design in built environment and retrofitting. Thick thermal insulation on building envelope reduce energy consumption and carbon emission in cold climate but it performs differently in Mediteron thermal insulation in Mediterranean climate because of reasons as it is stated above.
Optimum insulation thickness has been studied using the number of heating and cooling days in different cliand with respect to fuel type, glazing area and achieving low energy targets - 
Approach
The approach, which determine optimum thermal insulation thickness and material, are formed of six steps as follows, 1. determining thermal insulation material alternatives, 2. selecting a case study building and getting architectural data, making life cycle energy analysis making life cycle carbon emission -lations and getting results and optimum solutions.
Determining thermal insulation material alternatives
Thermal insulation materials alternatives were selected based on usage intensity and application possibilities in the construction sector. Expanded -are chosen from market's most used thickness.
Selecting a case study building and getting architectural data
A multi-storey residential building was selected, which is a typical housunits. Architectural plans and meaand Tables 1-2.
Making life cycle energy analysis (LCEA) calculations
LCEA is derived from the life cycle assessment approach, which considers energy consumption of products or services for their entire life cycle. Life cycle has two different approach which are cradle to grave and cradle to cradle. Cradle to grave approach identified as the entire life of a material or product up to the point of disposal, is used in this study. According to the European -cle of a building comprises the production, construction, use and end of building life stages. Life cycle energy consumption of the case study building were calculated with the method deconsumption is calculated as primary energy in all stages. Limitations on life cycle stage of the case study building and demolition were not included be- (TOKI, 2016) . (TS 825, 2008; ÇŞB-BEP, 2010; Yılmaz, Z. et al. ,2016 
Making life cycle cost calculations (LCC)
LCC is a cost analysis tool that includes all building stages. Global cost calculation methodology, which is standard, was used in this study (EC, -- is global cost (referred to starting year τ l is initial investment cost for a measure or a cost during year i for measure or set of f, τ of a measure or set of measures j at the end of the calculation period. R d the discount factor for year i based on discount rate r, calculated as follows:
where p is the number of years from the starting period and r is the real discount rate. Global cost calculations (Yılmaz, Z. et al., 2016; ASHRAE 55, 2010) . Table 6 . Power and operating time of the electrical equipment (Yılmaz, Z. et al. ,2016) . the case study building life's span is cost calculations. Costs that have effects on energy consumption were included and other costs were ignored. Macroeconomic data, which are necessary for global cost calculation, are insulation materials and construction are from the annual unit price book, published by the Turkish Ministry of energy costs were provided by local energy supply companies (Gediz,
Getting results and optimum solutions
above and the energy consumption calculations, the case study building was divided into end use energy and priconsumption accounts for nearly half of primary energy consumption and end lower than primary energy consump--mary energy conversion factors are 1 energy consumption dominates annual primary energy consumption in the Energy performance analysis should be done as primary energy consumption to obtain accurate results. Embodied energy consumption and carbon emissions of different insulation materials with different thickness--timetre thick glass wool has the lowest 2 , while the same thickness of 2 . There is a linear relationship between insulation thickness and embodied en-- Table 7 . Lighting power densities (Yılmaz, Z. et al. ,2016) . LCC is an important tool for making decisions about energy efficiency measures in buildings. Life cycle en--sulation material for Mediterranean -sumption, which is affected by enercooling energy consumption, which is done with electricity, increase global cost significantly. Increasing thermal insulation thickness decreases global cost and energy consumption in all thickness in the cold climate, but in the Mediterranean climate, global cost increases for increasing insulation thickconsumption in the Mediterranean climate is important for energy efficiency and cost. Therefore, energy efficiency measures should be optimized with multiple criteria such as energy, carinsulation thickness without considering annual energy consumption and cost would give ineffective results for Mediterranean climates. In addition to global cost, lighting energy consumption, which increases cooling energy consumption by heat gain from lighting instruments, should be considered in energy performance and global cost calculations.
After getting life cycle energy, carbon emission and cost performance 
Conclusion
This study has presented and demonstrated a new approach to selecting insulation material and thickness though a case study of a multi-storey residential building that optimizes energy efficiency, carbon emission reduction and cost over the building's calculations included occupancy, activity level, equipment and lighting system. The results were compared to the same building in a cold climate to highlight the effect of climate on energy efficiency and carbon emissions. Using a life cycle perspective is important for countries working toward reduced energy consumption, carbon emission targets and cost in buildings.
Energy efficiency in buildings depends on some parameters such as building form, orientation, distance between buildings, but most of these parameters couldn't be consider while building design in built environment. Therefore design of building envelope is a key factor for energy efficiency and carbon emission reduction. Thermal mass and using thermal insulation are important strategies for energy efthermal mass in building envelope couldn't be apply in built environment because of getting solar gain and architectural restrictions such as constructing thick walls. Therefore, adding thermal insulation to building envelope or increasing thermal insulation thickness become most common energy efficiency strategy in envelope for buildings. Adding a thick insulation layer has a significantly different impact on carbon emissions and energy consumption in Mediterranean and cold climates. Cooling energy consumption in Mediterranean climates significantly increases energy consumption, carbon emission and cost because of the electricity conversion factor. Therefore, reducing cooling energy consumption is an important strategy for saving energy and reducing carbon emissions in Mediterranean climate. Other strategies include using thermal mass, natural ventilation, effective central cooling systems, shading devices and renew--ing these strategies can be inefficiency, expensive or limiting to architectural mass couldn't be applied in built environment because of solar gain amount and architectural restrictions, using an efficient central cooling system decreases cooling energy consumption but investment and maintenance to integrate into the architectural design. Thermal insulation material and various thickness' performance could change according to climate and building typology significantly. Thus, as seen from results of this study, optimum thermal insulation material and thickness should be determined according to multiple criteria such as energy, carbon emission and cost from life cycle perspective.
Many standards and regulations on energy efficiency or thermal insulation focus energy consumption, carbon emission and cost without considering material's life cycle performance. This study's results show that determining insulation thickness without considering life cycle performance results in unexpected performance, especially in Mediterranean climates. Therefore optimization with multiple criteria such as LCEA, LCCA and LCC should be done to determine insulation material and thickness. Many standards and regulations generally focus on heating energy consumption or energy performance for end use. This study's results show that energy consumption of buildings' primary energy consumption should be calculated to determine optimum efficiency measures. Occupancy, activity level, heat gain from house appliances and lighting systems should be taken into account in calculations because these parameters directly affect energy consumption. Standards and regulation should be revised to include life cycle calculations, including the details of different building types. Such a revision would be significant for countries targeting energy efficiency and carbon emission reduction.
In sum, multiple criteria are required to optimize insulation thickness and material based on life cycle energy, -ing insulation thickness from a single criterion or without considering insulation material's life cycle performance may result in unexpected results. The study focuses on life cycle energy consumption, carbon emission and cost. parameters such as fire resistance, duresearch may also consider details of specific cooling systems, operational schedules and different building types, which may modify and improve the results of this study.
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